Aims-To determine whether in Trichuris trichiura dysentery there is (
Trichuris trichiura is the agent of one of the most common parasitic infections of man.' This intestinal nematode is harmless to the individual host when infection is light (when the worms are confined to the proximal colon), but causes a specific disease, trichuris dysentery syndrome (TDS),' when infection is heavy.
Worms will then be found throughout the colon, often in the terminal ileum, and in the rectal mucosa. TDS, like other types of colitis, presents as chronic, mucoid, bloody diarrhoea, anaemia, and stunting of growth.' Since the parasite does not become established in the small intestine at any site proximal to the terminal ileum, and since even a heavy worm load in the colon does not represent more than about 10 g of parasite tissue,3 it is likely that these symptoms are manifestations of some form of inflammatory response to the worm by the host rather than metabolic activity of the worm itself.
When using routine histology supplemented by immunostaining for markers of T cell activation, MacDonald et al were able to show little evidence of significant inflammation in the colonic mucosa of Jamaican children with TDS.4 However, the same group of investigators has provided evidence of an IgE mediated mucosal mast cell response5 as well as increased mucosal infiltration of cells producing calprotectin and the pro-inflammatory cytokine tumour necrosis factor a (TNF-a).6 Since there is also an increased plasma concentration of TNF-a in the systemic circulation of these children,6 there is direct evidence of a systemic consequence of intestinal mucosal inflammation.
We have measured the concentration of various plasma proteins expected to reflect the systemic component of an inflammatory response, comparing cases with children from similar backgrounds but lacking the parasitosis. The basic design of this study was thus a cross sectional descriptive survey for group comparison. We have also attempted to assess the response over time to chemotherapeutic worm expulsion through serial measurements of plasma viscosity, an integrated measure7 of the acute phase response.
Methods
Fifty three children with TDS were studied. These children (age range 1.8 to 11.4 years) were referred intermittently from clinics to take part in the growth and dysentery study at the Tropical Metabolism Research Unit (TMRU).' TDS is a chronic condition without rapid changes of symptoms and the minimum duration of these children's symptoms was two months. During the child's short stay on the TMRU ward a colonoscopy was performed to assess the extent of inflammation and to estimate the number of worms in the colon. Regardless of the number in the proximal colon, worms must be seen on the rectal mucosa to confirm the diagnosis of TDS,8 and this defined a positive diagnosis for the study. A full course of the vermifuge mebendazole (100 mg twice daily for three days) was given. Stools were collected and sieved during and after chemotherapy.9 In addition to T trichiura (maximum number recovered 3717), a minority of children passed Ascaris lumbricoides (maximum number 46); no child had hookworm (rare in young children in Jamaica today).1°A blood sample (5 ml in an EDTA prepared tube) was taken from each child before the colonoscopy and mebendazole treatment.
With the permission of the Ministries of Education and Health, and with the approval of the ethics committee of the Faculty of Medical Sciences, University of the West Indies, 20 normal control (NC) children (age range 4.3 to 11.3 years) were recruited from two schools in Kingston. Written consent was given by the parents of each child. To ensure that they did not have trichuriasis, a Kato smear" was done on single stool samples, and children shedding any trichuris or other nematode eggs were excluded. Blood samples as for the cases were obtained from these 20 controls.
Sixteen further clinically referred children (age range 1.6 to 10.5 years) were designated as "disease controls" (DC). These children had no worms, but diarrhoea symptoms of at least one month's duration had provided the indication for an investigative colonoscopy; in no case did the history suggest a rapidly evolving clinical condition. Blood samples were obtained as for the TDS cases. The diagnosis in the DC group was ulcerative colitis (1), single juvenile colonic polyps (4) , no specific diagnosis (1 1). With the exception of the ulcerative colitis, and excluding the examination of the four excised polyps, the routine histology of the mucosa showed mild inflammatory changes confined to the lamina propria and indistinguishable from the appearance in TDS except for the absence of worms. 4 The case of ulcerative colitis produced no outlying values and during the data analysis its exclusion failed to affect any result materially. This case has therefore been included in the data below.
Standard blood counts were performed on admission for TDS and DC children, and haemoglobin estimation for NC children.
Plasma was obtained by centrifugation at 3000 rpm for 10 minutes at 4°C and stored at -20°C following the addition of aprotinin (final concentration about 100 U/1). Three plasma proteins were assayed as representative respectively of rapid, intermediate, and late acute phase response: C reactive protein, a, antitrypsin, and caeruloplasmin. Albumin, total globulin, and fibrinogen were measured because they are often altered in chronic disease. Ferritin and transferrin were assayed as part of the assessment of iron status. Fibronectin was assayed for comparison with the state of primary malnutrition (studied at the TMRU), but this protein is also known to be altered in other acute disease states.'2 " The concentrations of C reactive protein, a, antitrypsin, caeruloplasmin, fibrinogen, and transferrin were determined using the radial immunodiffusion (RID) technique. The RID kits were purchased from The Binding Site, Birmingham, United Kingdom, except for the NORPartigen Transferrin kit from Behringwerke, Marburg, Germany. Ferritin was measured with an immunoradiometric assay kit (DPC, California, USA) and fibronectin with an immonoturbidometric kit from BoehringerMannheim (Germany). For each of these assays at least two external calibrators supplied by the manufacturers were included. Albumin and total protein were measured on an autoanalyser (Spectrum, Abbott Laboratories, USA). The concentration of total globulin was inferred by subtraction. A separate sample maintained at room temperature was used for the measurement of plasma viscosity at 25°C with a Coulter Harkness viscometer (Coulter Electronics Ltd, Luton, United Kingdom). Viscosity was the only measurement repeated serially and was done on admission and at the six week and six month follow up visits on those patients available (TDS only). The ferritin and transferrin data were consistent with the haematology Figure 1 Plasma viscosity showing median (columns) and upper range (bars). healthy children ofphenotype HbAA from reference 14 (n = 15); DC = "diseas (n = 14; not measured in two children); TDS = trichuris dysentery syndrome, o admission, six weeks after worm expulsion, and at six months follow up (n = 27 only included if measurement repeated after both intervals). The fall is significa? text).
gested iron deficiency in both the TDS and DC groups.
Mean plasma viscosity on admission was raised but did not differ significantly between the TDS group (mean 1.91 mPa, 95% confidence intervals (CI) 1.86, 1.96) and the DC group (mean 1.84 mPa, 95% CI 1.76, 1 .92). Plasma viscosity was not measured in our NC children, but values for larger numbers of Jamaican children measured during the same period in the same laboratory have been published. 14 The medians for the TDS and DC groups were relatively high when compared with the medians of children measured in this laboratory (regardless of sickle cell phenotype), but there is considerable overlap among the ranges, as shown in figure 1 .
Six months after treatment for TDS the mean plasma viscosity (1.81 mPa, 95% CI 1.74, 1.86) remained raised; however, there was a significant fall when compared with the admission value (repeated measures ANOVA, p = 0.02; test for linearity, p = 0.02).
In the multiple regression analyses, plasma viscosity was the dependent variable while all plasma protein concentrations were offered as independent variables. Among the nine assayed, the only independent predictors were fibrinogen (b = 0.042, p < 0.01) and total globulin (b = 0.012, p < 0.001). These variables together explain 39% of the variance in plasma viscosity.
Discussion
Although TDS is an insidious and chronic, rather than acute, condition, our findings provided evidence of an acute phase response in progress in about half the patients at the arbitrary moment in the course of their disease when they were diagnosed and admitted for investigation. We based this on the C reactive protein results, for which an upper limit of normality of 10.0 mg/l has been accepted.7 " However, four out of 20 control schoolchildren (20%), whose current health had only been screened by stool microscopy and a short questionnaire to exclude parentally perceived gross disease, also had abnormal C reactive protein by this criterion. This high proportion may be spurious, representing only a stochastic consequence of the small denominator, as the median value for the NC group was clearly significantly less than for the disease groups (table  2) .
Compared with the NC group the TDS patients also had a significantly raised mean a, antitrypsin concentration. It has previously been stated that a, antitrypsin is increased in response to nematode infection,'6 and that it is a useful marker for bowel inflammation.7
Unfortunately, a, antitrypsin measurements were unavailable for all but two of the DC children, so no comparison with this group is -* There was an ordered increase in mean total plasma globulin from the NC through the DC to the TDS group. The total globulin will include globulins separately assayed such as a, antitrypsin and fibrinogen as well as many others not assayed, and we have no information on the y globulin (antibody) component. Gilman et a18 described reduced serum albumin in Malaysian children with intense trichuriasis, which they interpreted as a marker for malnutrition. We have shown a protein losing enteropathy in Jamaican children with TDS3 using a, antitrypsin clearance studies, and it is perhaps remarkable that the reduction in plasma albumin concentration in the Jamaican TDS children was not greater. Possibly the explanation may lie in a difference in the diet available to Malaysian children in the 1970s compared with Jamaican children around 1990.
Group differences in plasma protein profiles revealed by a cross sectional study such as this one could be due either to steady state differences in protein synthesis and secretion or to different mean phases of the systemic inflammatory response at the time of sampling. This issue could only be resolved by serial sampling of the TDS and DC children during the entire course of the evolution of their symptoms; however, their symptoms were well established and apparently constant at the time of investigation. Plasma viscosity, which has been used as a global marker of inflammation726 or disease activity,226 was widely variable in both the TDS and the DC children. A tendency to decline slowly following worm expulsion was seen. If a fall in plasma viscosity is an indication of an improvement in health, it was not on the scale of the resolution of anaemia27 or catch up in physical growth'827 in these children.
In summary, in this study we have shown some specific plasma protein characteristics of TDS and to some extent-through the use of "disease controls" as well as a "normal control" group-have been able to distinguish those associated with the specific nematode infection from those due to a locally prevalent mild chronic colitis. Although TDS is a nearly steady state condition, it is associated with an acute phase plasma protein response and this establishes that there is a systemic as well as a mucosal component of response to infection with Trichuris trichiura.
